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Abstract 
Hilsa (Hi/sa ilisha) caught by gill net were immediately killed by cranial spiking. 
Three fish were kept in ice (0°C) and three other at room temperature (33 °C) to 
follow development of rigor mortis and changes in muscle pH. The rest were 
frozen stored at -20°C. Rigor started 15 minutes after death in all fish and 
reached full rigor (100%) state in 2 and 4 hours respectively in fish kept at 33 °( 
and (0°C). The fish at 33°C deteriorated 16 hours after while in full rigor but 
those at 0°C lasted 26 hours of death without deterioration. Freshly caught hilsa 
had a muscle pH around 7 which decreased with time rapidly at 33 °C and 
slowly at 0°C. The relative proportion of protein fraction in white and dark 
muscle of fish stored at 0°C and -20 °C were also studied. The proportion of dark 
muscle was 30.34% of the white muscle. White muscle in fish at 0°C was found 
to contain 32.0% sarcoplasmic, 57.6% myofibrilla, 9.4% alkali-soluble and 1.1% 
stroma protein whereas these proteins in dark muscle were 29.9%, 58.4%, 
9.8% and 1.9% respectively. The protein fractions of white muscle in frozen-fish 
were found 27.6% sarcoplasmic, 64.7% myofibrilla, 6.0% alkali-soluble and 
1.7% of stroma protein whereas they were 30.6%, 58.6%, 8.9 and 1.9% for dark 
muscle. Some changes occurred in protein composition during frozen storage. 
The relative amounts of sarcoplasmic, alkali soluble and stroma protein fractions 
decreased while myofibrilla fraction increased in frozen condition. This may be 
attributed to drip loss of soluble protein during thawing. 
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Introduction 
Rigor-mortis is the result of important physical and biochemical changes in 
muscle occurring in an animal soon after death. The physical changes are those 
which concern with appearance, texture and stiffening of the body. There are 
three stages of rigormortis-pre-rigor, in-rigor and post-rigor. The time involved in 
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each stage of development, duration and subsequent resolution of rigor-mortis 
depends on many factors such as species, catching method, handling of fish, 
temperature and the physical condition of fish. Although it is generally accepted 
that the onset and duration of rigor-mortis is more rapid at high temperatures, it 
has been observed in certain tropical fish that the biochemical changes and the 
rigor-mortis, may actually be stimulated at 0°C compared with 22 °C (Poulter et 
a/. 1981 ). The state of rigor and changes in pH influence the keeping quality of 
fish. 
It is well known that changes in muscle pH largely depend upon the state of 
rigor. The muscle pH of pelagic fishes such as sardine and mackerel decreases 
very quickly after death, easily reaching below 6, in contrast to bottom fish 
(Ishikawa eta!. 1979, Fukuda eta!. 1984). Pelagic fishes such as hilsa usually 
have high metabolic rate and it is of interest to see if it would follow a similar 
rigor-mortis process as that of bottom tropical fishes. 
In most fish, the myotomal musculature consists mainly of two 
homogenous populations of muscle fibers: the white or ordinary muscle and the 
dark muscle. Most fish muscle tissue is white but depending on species, many 
fish contain a certain amount of dark tissue of a brown or reddish colour. The 
proportion of dark to white muscle is known to vary with the length of fish. The 
chemical composition of dark and white muscle is different. The dark muscle is 
generally higher in lipid content and lower in moisture and crude protein content 
than the ordinary muscle, (Kanoh eta/. 1986). The chemical composition of fish 
muscle varies depending on developmental stage, season, fishing ground and 
schools. Major research effort in the area of biochemistry has been to identify, 
isolate and characterize the muscle proteins. Muscle proteins are generally 
classified on the basis of solubility. On these basis fish muscle protein consists 
of myofibrillar, sarcoplasmic, alkali soluble and stroma protein fractions. While 
considerable 'information on the muscle type and its protein composition are 
available for the fish from the cold and temperate waters such as sardine, tuna, 
mackerel, etc. very little is known about the fish from tropical water. In order to 
develop new techniques of processing technology of a value added product, 
adequate information on the yields and characteristics of muscle protein of the 
fish is very important. 
The present study deals with the rigor-mortis, typical yields and protein 
composition of dark and white muscle of hilsa fish (Hi/sa ilisha) 
Materials and methods 
Fresh hilsa ( Tenualosa i!isha), average body weight and length, 700-800g and 
30-32cm respectively, were caught by gillnet from the river Meghna near 
Chandpur. Six live hilsa were killed by cranial spiking immediately after capture 
on board of a vessel. Three of those fish were kept in ice (0°C) in an insulated 
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box and the other at room temperature (33 °C) to follow rigor-mortis 
development and changes in muscle pH. 
The remaining fishes were brought to the laboratory of Fisheries Technology 
Department, Bangladesh Agricultural University, Mymensingh in iced condition 
in an insulated box and frozen stored at-20°C for subsequent studies. 
Rigor index 
"Rigor index" of the fish was measured essentially according to Bito et a/. 
(1983) and used as a parameter of rigor tension. Briefly, the fish was placed on a 
horizontal table with half of its body (tail part) kept out of the table (Fig. 1 ). At 
selected time intervals, rigor index was calculated by the following equation: 
Do-D 
Rigor index (%) = ~X 1 00 
Where D 0 and D represent the distances of the base of caudal fin from 
horizontal line of the table immediately after catch of the fish and at subsequent 
storage periods respectively. 
Half the body length 
Fig. 1. Determination of 11 rigor-index 11 of fish. 
Measurement of muscle pH 
pH value of the muscle homogenate prepared by blending 1 Og of fish 
muscle with 40 ml chilled water was measured by Corning pH meter. 
Typical yields and determination of protein fraction 
Fresh ice-stored and frozen-stored hilsa fishes were used for the study. 
Frozen fishes were partially thawed in ice. Transversal sections through the trunk 
representing the layout and relative distribution of the dark and ordinary muscles 
from fresh Hi/sa ilisha are shown in Fig. 2. The fish were weighed individually 
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and different body parts - head, edible flesh, scale, fin, intestine, egg, gills, skin 
and bone were separated with the help of a sharp knife, weighed and expressed 
in percentage of the total weight. For study of the protein composition, after 
removing the head and caudal fin, the specimen were filleted laterally into two 
parts. The white and dark muscles were carefully excised to minimize cross 
contamination of fibre type. The ordinary muscle was dissected from the dorsal 
part, while the dark myotomal muscle from the whole trunk under the lateral 
line. Twenty grams of each muscle were fractionated into various protein fraction 
following the procedure Hashimoto of eta/. (1979) All the operations were done 
at 3-4° The protein obtained after fractionation was determined by Biuret 
method and non-protein nitrogen of TCA extract by Kjeldahl method. 
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Fig. 2. Transversal sections through the trunk of the dark and ordinary muscles from fresh 
hilsa fish. 
Results and discussion 
Progress of Rigor-mortis and changes in muscle pH 
Rigor-index of hilsa fish stored at room temperature (33 °C) and in ice (0 °C) 
are shown in Fig. 3.1 and 3.2. Rigor started in all fish within 15 min after death 
but the progress of rigor was faster in fish stored in ice (0°C) than in those stored 
at room temperature. The fishes stored in ice attained full rigor (1 00%) 2 hrs 
after death, whereas the rigor index of the fishes stored at room temperature 
reached about 85% in 2 hours and attained full rigor (1 00%) 4 hrs after death. 
Hilsa fishes stored at room temperature were discarded after 16 hrs of 
death while in full-rigor conditions after emitting an offensive odour. At this stage 
the fishes were found to be organoleptically unacceptable. On the other hand, 
the fishes stored in ice remained in full rigor up to 26 hrs and then started to 
relax from rigor. They relaxed to about 50% after 52 hrs of death without 
showing any perceptible sign of spoilage. 
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It is well known that pelagic fishes usually have very high metabolic rates. 
Correspondingly, the post-mortem progress rate of hilsa was found to be 
extremely high in the present study compared to those of bottom fishes 
reported by others (Poulter eta/. 1981, Iwamoto eta/. 1985, 1987 and 1988, 
Iwamoto and Yamanaka 1986). The time involved in each stage of the rigor 
development, duration and subsequent resolution of rigor-mortis depend on 
many factors such as species, size, catching method, handling of the fish, 
temperature and the physical condition of the fish. Although it is generally 
accepted that the onset and duration of rigor-mortis is more rapid at high 
temperatures, it has been observed in hilsa that rigor-mortis was actually 
stimulated at 0°C compared with 33 °C as reported for some other tropical 
fishes (Poulter eta/. 1981 ). Hilsa kept at 33 °C spoiled 16 hours after death when 
they were still in full rigor condition. The off-odour was first detected in the area 
around the abdominal cavity. This phenomenon is due to enzymatic activity in 
the gut which caused degradation of belly which might happen within few hours 
of capture at high temperature. 
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Fig. 3.1. Rigor-mortis progress and change in muscle pH. of hilsa fish during storage at 
room temperature. 
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Fig. 3.2. Rigor-mortis progress and change in muscle pH of hilsa fish during ice-storage in 
an insulated box. 
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pH change 
Freshly killed hilsa had a muscle pH around 7.0 which tended to decrease 
with time irrespective of temperature but the decline in pH was faster at room 
temperature (33 °C) than at 0°C (Fig. 3.1 & 3 .2). At room temperature the 
muscle pH decreased rapidly from around 7.0 to 6.02 in 10 hrs, while in iced 
condition it decreased slowly from around 7.0 to 6.28. After 1 0 hrs of storage at 
room temperature the pH began to increase steadily up to pH 6.6 after 16 hrs 
when the fish were discarded. At this stage fishes were reddish in colour and 
emitted an offensive odour. 
On the other hand, the fish stored in ice remained at ultimate pH of 6.24 
until 30 hrs of storage and then it increased slowly with time. The fish muscle 
attained a final pH value of 6.43 after 52 hrs of storage when the fish relaxed 
about 50% from rigor. The decreasing trend in muscle pH is similar to that 
reported for catla (Cat/a cat/a) where muscle pH fell much faster in fish held at 
room temperature (25°C) than at 0°C (Faruk eta/. 1994). In general, when the 
rigor is quicker and the duration is shorter, the values of pH decline much faster 
than where rigor develops slowly and lasts longer. This change in pH is 
attributed to the accelerated turnover of ATP at high temperature (Watabe eta/. 
1991 ). Scopes (1974) reported that the rate of pH fall in post-mortem muscle is 
entirely due to ATPase activity. 
Typical yields and protein composition 
Table 1 shows that the proportion of dark to white muscle of hilsa was 
30.34%. The results obtained from the present study is more or less similar to 
those reported for pelagic fishes such as tuna, sardine and mackerel. These 
fishes have a large amount of superficial dark muscle and some of them, such 
as tuna have developed deep-seated dark muscle along with the superficial, 
while other pelagic fishes of relatively small size, such as sardine and mackerel 
have only superficial dark muscle (Suzuki and Watabe 1987). The proportion' of 
dark to white muscle varies with activity of the fish (Love 1970). The proportion 
of dark to white muscle of sardine and mackerel is reported to be 20-30% 
(Hashimoto eta/. 1979, Suzuki and Watabe 1987) and is known to vary with the 
length of the fish and from species to species. It is generally accepted that the 
dark muscle is used for the slow and continuous swimming of fish, where as the 
white muscle is called upon for a quick burst of activity. The red colour of the 
dark muscle is due to the high content of hemoproteins, hemoglobin (Hb), 
myoglobin (Mb) and cytochrome C. Among these, the content of Mb is the 
highest, followed by Hb (Suzuki and Watabe 1987). 
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Table 1. Proportion of dark to white muscle of hilsa fish 
No. of specimen 
Total weight of fish (g) 
Total muscle (g) 
Dark muscle (g) 
White muscle (g) 
Proportion of dark to white muscle (%) 
10 
9850 
4570 
1063 
3507 
30.34 
Table 2 shows the typical yields of various body parts of hilsa. The yield of 
edible flesh was 46.4%. The head and viscera were 17% and 6.2% respectively. 
The yield of edible flesh and other organs of fish varies from species to species. 
Species having a large head such as cod give much lower yields of dressed fish 
(54%) than those having a small head and slim contour such as tuna (73%) 
(Stansby and Olcott 1963). Pelagic fishes such as Pacific herring ( Clupea pallasi) 
is the most important fishery of the cold and temperate regions. The yield of 
edible flesh and organs (head and viscera) as percentage of fresh weight of the 
herring were reported to be 42-65%, 8-18% and 6-21%, respectively (TORI 
1985). 
Table 2. Protein composition of dark and white muscle of hilsa fish 
Condition Muscle Protein fraction (%) 
Sarcoplasmic Myofibrillar Alkali-soluble Stroma 
Iced fish Dark muscle 29.90 58.40 9.80 1.90 
White muscle 31.98 57.55 9.37 1.10 
Forzen Dark muscle 30.60 58.60 8.90 1.90 
White muscle 27.60 64.70 6.00 1.70 
In the present study, the protein compositions of white muscle of iced-
stored hilsa were 31.98% sarcoplasmic, 57.55% myofibrillar, 9.37% alkali-
soluble and 1 .1% stroma protein and in dark muscle it was 29.9%, 58.4%, 9.8% 
and 1.9% respectively (Table 2). The protein compositions of frozen-stored hilsa 
were found to be 27.6% sarcoplasmic, 64.7% myofibrillar, 6.0% alkali-soluble 
and 1.7% stroma protein for white muscle, while it was 30.6%, 58.6%, 8.9 and 
1 .9% respectively for dark muscle (Table 2). This is within the range reported for 
most pelagic fishes (Hashimoto eta/. 1979, Kanoh eta/. 1986). Some changes 
occured in protein composition during frozen storage. As described above, the 
protein of dark muscle are clearly distinct from those of white muscle in many 
respects such as dark muscle contained higher percent of stroma protein than 
the white muscle. The percentage sarcoplasmic, alkali soluble and stroma 
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protein fraction decreased, while myofibrilla fraction increased when the fish 
was kept frozen at -20°C. These results indicate that sarcoplasmic and alkali 
soluble proteins are lost due to drip formation during frozen storage, leading to 
relative increase of myofibrillar proteins. 
In most teleost fishes the· amount of extractable protein of various fractions 
have been reported to be in the range of 20-30% sarcoplasmic, 50-70% 
myofibrillar, 1-10% alkali-soluble and 1-3% stroma protein (Shimizu and Shimidu 
1960). Pelagic fishes have been reported to contain a higher amount of 
sarcoplasmic proteins and small amount of myofibrillar proteins compared to 
other teleost. For example, protein composition of the dark muscle from sardine 
was reported to be 23-29% sarcoplasmic, 62-66% myofibrillar, 6-9% alkali-
soluble and 2-3% stroma protein fraction. In ordinary muscle, protein 
composition was 33-37%, 59-61 %, 1-5% and 1-2% in the above order 
respectively (Suzuki and Watabe 1987). In general,the extractability of muscle 
proteins from fish varies depending on fish species (Shimizu eta/. 1976). In 
most bottom fishes, such as Alaska pollack and lizard fish the whole 
sarcoplasmic proteins have been reported to be extractable even in water while 
for small pelagic fishes such as sardine and mackerel the amount of extractable 
proteins in white muscle increased rapidly as the ionic strength of the 
homogenate increased up to 1=0.05 (Hashimoto eta/. 1979) where 11 111 stands for 
ionic strength. 
Conclusions 
The following conclusions can be drawn from the above study. 
1 The rigor-mortis of hilsa fish started within 15 min after capture irrespective 
of temperature. The progress of rigor was faster at 0°C than at 33°C. 
2 The decline in muscle pH during rigor-mortis period was faster at 33 °C than 
at 0°C. 
3 The proportion of dark to white muscle was 30.34%. The muscle protein of 
dark muscle are clearly distinct from those of white muscle in many 
respects such as dark muscle contained more sarcoplasmic and stroma 
protein than the white muscle. The percentage sarcoplasmic, alkali soluble 
and stroma protein fraction decreased, while myofibrillar fraction increased 
when the fish was kept frozen at -20°C. 
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